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Air Quality Forecasting ToolsAir Quality Forecasting Tools

OVERVIEWOVERVIEW

•• BackgroundBackground
•• Acquiring historical dataAcquiring historical data
•• Forecasting tools (examples, strengths/weaknesses)Forecasting tools (examples, strengths/weaknesses)

–– ClimatologyClimatology
–– StatisticalStatistical
–– ModelingModeling

Details on developing forecasting methods are provided Details on developing forecasting methods are provided 
in the Ozone and PMin the Ozone and PM2.52.5 Forecasting Guidance Document Forecasting Guidance Document 
(U.S. Environmental Protection Agency, 2003).(U.S. Environmental Protection Agency, 2003).
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BackgroundBackground

•• Forecasters use a variety of data products, Forecasters use a variety of data products, 
information, tools, and experience to predict air information, tools, and experience to predict air 
quality.quality.

•• Forecasting tools:Forecasting tools:
–– SubjectiveSubjective
–– ObjectiveObjective

•• Tools provide information to help guide the Tools provide information to help guide the 
forecasting process.forecasting process.

•• Forecasting tools are built upon an understanding of Forecasting tools are built upon an understanding of 
the processes that control air quality.the processes that control air quality.

•• More forecasting tools = better results.More forecasting tools = better results.
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BackgroundBackground
Tool development is a function of:Tool development is a function of:

•• Amount and quality of data (AQ and meteorological)Amount and quality of data (AQ and meteorological)
•• Resources for development (human, software, computing)Resources for development (human, software, computing)
•• Resources for operations (human, software, computing)Resources for operations (human, software, computing)

Types of tools:Types of tools:
•• PersistencePersistence
•• Climatology*Climatology*
•• Criteria, Thresholds, Rules of thumbCriteria, Thresholds, Rules of thumb
•• Regression equations*Regression equations*
•• Classification and Regression Trees (CART)*Classification and Regression Trees (CART)*
•• Neural networksNeural networks
•• Fuzzy logicFuzzy logic
•• Numerical modeling*Numerical modeling*
•• Conceptual and experience

Fewer resources, 
lower accuracy

More resources, 
potential for higher 

accuracyConceptual and experience

*Discussed in this course*Discussed in this course
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Acquiring Historical Data Acquiring Historical Data (1 of 2)(1 of 2)

Sources
• Air Quality Data

– EPA’s AIRS database
– AIRNow (regional images) 

• Meteorological Data
– See Appendix for list of data sources
– Soundings and surface observations
– Data and weather maps
– Trajectories
– Satellite images
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Acquiring Historical Data Acquiring Historical Data (2 of 2)(2 of 2)

Sample sizeSample size
•• Acquire 3 to 5 years of dataAcquire 3 to 5 years of data
•• Be aware of changes in emissions (fuel changes, Be aware of changes in emissions (fuel changes, 

new sources, new monitors)new sources, new monitors)
Other issuesOther issues

•• Time standard and unitsTime standard and units
−− Air quality data are usually in Local Standard TimeAir quality data are usually in Local Standard Time
−− Meteorological data are usually in UTCMeteorological data are usually in UTC
−− Concentrations in µg/mConcentrations in µg/m33, ppm, ppb, ppm, ppb

•• Data qualityData quality
−− Review data for quality prior to useReview data for quality prior to use

•• Data completenessData completeness
−− 75% of data are needed to compute daily, monthly, and 75% of data are needed to compute daily, monthly, and 

annual averagesannual averages
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ClimatologyClimatology

•• Study of average and extreme weather (or air Study of average and extreme weather (or air 
quality) conditionsquality) conditions

•• Examines past conditions forExamines past conditions for
–– Maximum and minimum valuesMaximum and minimum values
–– Duration of poor air quality daysDuration of poor air quality days
–– Average number of days in each AQI categoryAverage number of days in each AQI category
–– Diurnal patternsDiurnal patterns
–– DayDay--ofof--week distributions week distributions 
–– Weekend/weekday distributionsWeekend/weekday distributions

•• Helps guide forecastersHelps guide forecasters
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Climatology Climatology –– Example Example (1 of 2)(1 of 2)

Monthly distribution of AQI days
based on PM2.5 for Baltimore, MD (1999-2001)
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Climatology Climatology –– Example Example (2 of 2)(2 of 2)

Day-of-week distribution of
AQI days based on PM2.5 for 
Baltimore, MD (1999-2001)
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ClimatologyClimatology

StrengthsStrengths
•• Easy to develop and updateEasy to develop and update
•• Helps guide the forecastHelps guide the forecast

WeaknessesWeaknesses
•• Not a standNot a stand--alone methodalone method
•• Does not provide pollutant concentrationsDoes not provide pollutant concentrations
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Statistical Statistical –– ExamplesExamples

•• Develop statistical relationship between Develop statistical relationship between 
historical air quality and meteorological historical air quality and meteorological 
data  data  

•• Several methodsSeveral methods
–– RegressionRegression
–– Classification and Regression Trees Classification and Regression Trees 

(CART)(CART)
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Statistical Statistical –– Example Example (1 of 3)(1 of 3)
PMPM2.52.5 Regression EquationRegression Equation
PMPM2.52.5 (µg/m(µg/m33) = 53.429 + 3.382*) = 53.429 + 3.382*HolidayHoliday –– 0.189*0.189*PrecipPrecip –– 0.31*0.31*TmaxTmax

–– 0.541*0.541*SurfaceWSSurfaceWS + 1.008*(+ 1.008*(T@700mbT@700mb –– TminTmin))
+ 0.838*(+ 0.838*(StabilityStability) + 0.183*) + 0.183*Td@700mb00ZTd@700mb00Z –– 0.292*0.292*WS@850mb00ZWS@850mb00Z

Wind speed at 850 mb at 00Z (1700 MST) (m/s)WS@850mb00Z

Dew-point temperature at 700 mb at 00Z (1700 MST) (ºC)Td@700mb00Z

Temperature at 700 mb at 00Z (1700 MST) (ºC) minus the forecasted daytime 
maximum temperature (ºC) at the surface

Stability

Forecasted or observed minimum temperature (ºC)Tmin

Temperature at 700 mb at 12Z (0500 MST) (ºC)T@700mb

Average resultant wind speed from 12Z to 00Z (0500 to 1700 MST)SurfaceWS

Forecasted daytime maximum temperature (ºF)Tmax

Forecasted precipitation in inches during the 24-hr forecast period.Precip

1 for Valentine’s Day, Martin Luther King, Jr. Day, Presidents’ Day, Veterans’ Day, 
and Super Bowl Sunday.
2 for Thanksgiving weekend and Christmas Eve through New Year’s Day.  
1 for weekends immediately preceding or following any of the above holidays. 
0 for all other days.

Holiday

DescriptionVariable
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Statistical Statistical –– Example Example (2 of 3)(2 of 3)
•• Classification and Regression Trees (CART)Classification and Regression Trees (CART)
•• Software develops the decision tree with human Software develops the decision tree with human 

guidanceguidance
•• CART splits data sets into similar and dissimilar CART splits data sets into similar and dissimilar 

groupsgroups
Ozone 

(Low–High) 

Moderate to
High

Moderate to
Low

Temp lowTemp high

WS - strong

Moderate Moderate
High Low

WS - calm
WS - calm

WS -light
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Statistical Statistical –– Example Example (3 of 3)(3 of 3)

Terminal
Node 1

STD = 32.881
A vg = 88.077

N = 78

Terminal
Node 2

STD = 38.331
A vg = 126.569

N = 65

Node 2
DELTA P <= 19.500
STD = 40.311
A vg = 105.573

N = 143

Terminal
Node 3

STD = 20.017
A vg = 38.250

N = 4

Terminal
Node 4

STD = 41.320
A vg = 139.560

N = 75

Terminal
Node 5

STD = 36.222
A vg = 183.800

N = 75

Terminal
Node 6

STD = 27.961
A vg = 146.676

N = 34

Node 5
FA V GTMP <= 17.500
STD = 37.979
A vg = 172.220

N = 109

Node 4
MI0 = (1,2)
STD = 42.520
A vg = 158.908

N = 184

Node 3
FA V GRH <= 13.500
STD = 45.620
A vg = 156.340

N = 188

Node 1
T850 <= 10.500
STD = 50.165
A vg = 134.408

N = 331

Variables:
T850 - 12Z 850 MB temp
DELTAP - the pressure difference between the base and top of 
the inversion
MI0 - Synoptic weather potential (scale from 1-low to 5-high).
FAVGTMP - 24-hour average temperature at La Paz
FAVGRH - 24-hour average relative humidity at La Paz.

CART classification PMCART classification PM1010 in Santiago, Chilein Santiago, Chile

Node x

Variable and criteria
STD  = Standard deviation 
Avg = Average PM10 (ug/m3)
N = number of cases in 

node

Cassmassi (1999)

Is the forecasted temperature at
850 mb ≤ 10.5°C?

YesYes NoNo
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StatisticalStatistical
StrengthsStrengths
•• Easy to operateEasy to operate
•• Provides Provides 

concentration concentration 
or AQI category or AQI category 
estimatesestimates
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WeaknessesWeaknesses
•• Requires more expertise to developRequires more expertise to develop
•• Must be updated every three years or soMust be updated every three years or so
•• Tends to Tends to underpredictunderpredict peak concentrationspeak concentrations
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ModelingModeling

•• Numerically model the processesNumerically model the processes
•• Requirements:Requirements:

–– Gridded emission modelGridded emission model
–– Meteorological model forecasts Meteorological model forecasts 
–– Photochemical modelPhotochemical model
–– Other supporting dataOther supporting data

•• Land useLand use
•• Boundary conditions (air quality)Boundary conditions (air quality)

–– Computer resourcesComputer resources
•• More sources of uncertaintyMore sources of uncertainty
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Modeling Modeling –– Example Example (1 of 2)(1 of 2)
Research and operational modeling is being conducted by a numberResearch and operational modeling is being conducted by a number
of organizations:  Environment Canada, MCNC, NOAA, Ohio State, of organizations:  Environment Canada, MCNC, NOAA, Ohio State, 
Sonoma Technology, Inc., SUNYSonoma Technology, Inc., SUNY--Albany, Washington UniversityAlbany, Washington University

SUNY-Albany

Environment Canada

MCNC
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Modeling Modeling –– Example Example (2 of 2)(2 of 2)
Ozone concentration forecasts and Ozone concentration forecasts and 

observations on August 5, 2002, at 0400 EDTobservations on August 5, 2002, at 0400 EDT

AIRNow Data Ozone (ppb)NOAA ARL’s HYSPLIT MCNC’s MAQSIP



138Short Course on Air Quality Forecasting: Air Quality Forecasting ToolsFebruary 2003

ModelingModeling
StrengthsStrengths
•• Based on atmospheric and chemistry physicsBased on atmospheric and chemistry physics
•• Provides forecasts in areas without monitorsProvides forecasts in areas without monitors
•• Helps further explain air quality processesHelps further explain air quality processes
•• Provides better temporal resolution than other methodsProvides better temporal resolution than other methods

WeaknessesWeaknesses
•• High level of expertise and funding needed to develop, High level of expertise and funding needed to develop, 

operate, and improve*operate, and improve*
•• Requires substantial computer resourcesRequires substantial computer resources

* NOAA is planning to run a model and provide forecast 
guidance to air quality forecasters. 
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Evolution of Forecasting ProgramsEvolution of Forecasting Programs
Age of Forecasting Program (years)

1          2         3         4        5        6        7     8        9        10+ 

• Good historical data set
• Good understanding
• Modest experience
• Several forecasting 
tools/techniques

• Higher accuracy

• Excellent historical 
data set

• Detailed understanding
• Extensive experience
• Many forecasting 
tools/techniques

• Highest accuracy

• Limited data
• Limited experience 
and understanding

• One forecasting 
tool/technique

• Modest accuracy
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SummarySummary

Air Quality Forecasting ToolsAir Quality Forecasting Tools
•• Data availability and qualityData availability and quality
•• Develop understandingDevelop understanding
•• Develop toolsDevelop tools
•• The more tools the betterThe more tools the better

•• Next step Next step -- LunchLunch

•• QuestionsQuestions
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